Whereas microglia are recognized as fundamental players in central nervous system 16 (CNS) development and function, much less is known about macrophages of the peripheral nervous 17 system (PNS). Here we show that self-maintaining PNS macrophages share unique features with 18 CNS microglia. By comparing gene expression across neural and conventional tissue-resident 19 macrophages, we identified transcripts that were shared among neural resident macrophages as 20 well as selectively enriched in PNS macrophages. Remarkably, PNS macrophages constitutively 21 expressed genes previously identified to be upregulated by activated microglia during aging or 22 neurodegeneration. Several microglial activation-associated and PNS macrophage-enriched genes 23 were also expressed in spinal cord microglia at steady state. While PNS macrophages arose from 24 both embryonic and hematopoietic precursors, their expression of activation-associated genes did 25 not differ by ontogeny. Collectively, these data uncover shared and unique features between neural 26 resident macrophages and emphasize the role of nerve environment for shaping PNS macrophage 27 identity.
120 provide clues about their involvement in neuronal health and disease.
121
We next investigated transcriptional differences within PNS macrophage populations. Using 122 a 4-fold cutoff, we identified 24 genes enriched in sciatic nerve macrophages, 23 genes enriched in 123 fascial nerve macrophages, and 12 genes enriched in vagal nerve macrophages (Supplementary 124 Fig. 8a ). We observed similar numbers of downregulated genes in each population (Supplementary 125 Fig. 8b ). We also compared nerve-resident macrophages to those residing within the dorsal root 126 ganglion and found that they were significantly different, with many differentially expressed 140 genes that were upregulated in activated microglia from aging, phagocytic, and neurodegenerative 141 conditions and neural macrophage-enriched genes from either PNS macrophages or CNS microglia 142 ( Fig. 3b ). We found 148 disease-associated genes that were enriched in PNS macrophages 143 compared to 17 that were enriched in CNS microglia ( Fig. 3b, Supplementary table 4 ). From the 144 highest connectivity groups (6-4), we identified 25 genes that were significantly higher in PNS 145 macrophages, including Ch25h, Anxa2, Cd52, Ifitm3, Cybb, Fxyd5, Igf1, and Apoe (Fig. 3c ).
146
Microglia lacking certain genes for homeostatic regulation have also been found to shift their 147 gene expression towards an activated phenotype (24, 25) . Sall1 has been identified as a 148 transcriptional regulator of microglia identity and function, with Sall1 -/microglia resembling 149 inflammatory phagocytes (24). Since PNS macrophages did not express Sall1 at steady state, we 150 examined whether genes that are reportedly dysregulated in Sall1 -/microglia showed the same 151 pattern of expression in PNS macrophages. Indeed, we found a high correlation between genes 152 enriched in PNS macrophages and Sall1 -/microglia, including Apoe, H2-Aa, Ms4a7, Clec12a, Aoah, 153 and Cybb (Fig. 3c ). These data suggest that PNS macrophages may share common genetic 154 regulators with CNS microglia.
155
Since microglia activation may occur under cell sorting conditions (26), we were concerned 156 that the activation signature in PNS macrophages might be attributed to tissue preparation. Thus, we 8 stained freshly fixed peripheral nerves for Clec7a and MHCII, which are induced in microglia across 158 many activation states (6, 25, 27) . Resting PNS macrophages were clearly marked by Clec7a and 159 MHCII ( Fig. 3e ), suggesting that the signature obtained in PNS macrophages is not a technical 160 artifact. Taken together, these data show that PNS macrophages constitutively express a wide array 161 of microglial activation genes and imply a shared yet microenvironment-sensitive regulation of gene 162 expression in resident neural macrophages.
164

PNS to CNS zonation in resident neural macrophages
165
Given the difference in gene expression between PNS macrophages and CNS microglia, we wanted 166 to further discriminate the influence of microenvironment on neural macrophage identity. Thus, we 167 examined spinal cord microglia, which reside in a distinct microenvironment from brain microglia.
168
Interestingly, we found a set of genes that were high in PNS macrophages, intermediate to high in 169 spinal cord microglia, and low in brain microglia (PNS to CNS zonation) ( Fig. 4a , Suppl. Table) . These 170 included PNS macrophage-specific genes (Cp, Il1rl1, Maoa, and Cdr2), microglial activation genes 171 (Clec7a, Spp1, Lpl, Axl, Ms4a4c, and Ms4a6c), interferon-induced genes (Ifi204, Ifi207, Ifi209, and 172 Oasl2), mitochondrially encoded genes (mt-Nd1, mt-Nd2, mt-Nd4, mt-Nd5, and mt-Nd6), and several 173 transcription factors (Hivep2, Zfp704, and Rbpj) ( Fig. 4b, c ). We confirmed Clec7a expression in spinal 174 cord microglia by immunostaining ( Fig. 4c ). Importantly, microglia from spinal cord and brain did not 175 significantly differ by expression of homeostatic genes Sall1, Olfml3, and Tmem119 (Supplementary 176 Fig. 9 ). In fact, certain microglial genes, including Tgfbr1 and P2ry12 were more highly expressed in 177 spinal cord compared to brain microglia. These findings suggest that transcriptional programs 178 underlying PNS macrophages and activated microglia may be present during normal physiological 179 conditions and further support the role of nerve environment for specifying neural macrophage identity.
181
Ontogeny of PNS resident macrophages 182 9
In addition to microenvironmental cues, ontogeny may also play an important role for specifying 183 microglial identity and function. Specifically, it has been shown that, compared to naturally occurring 184 microglia with yolk sac origin, monocyte-and hematopoietic stem cell (HSC)-derived microglia 185 display a more activated signature (28, 29). Thus, we sought to determine PNS macrophage 186 ontogeny by examining Flt3Cre x LSL-YFP fl/fl reporter mice (Fig. 5a ), a strain that labels fetal 187 monocyte and adult HSC-derived hematopoietic multipotent progenitors and their progeny (30, 31).
188
We found that approximately 26% of PNS macrophages across nerve types appeared to be 189 embryonically derived (YFP-) and 74% of PNS macrophages were HSC-derived (YFP+) (Fig. 5b, c ).
190
To further examine the contribution of embryonic precursors to PNS macrophages, we labeling. The PNS was fully populated with CX3CR1-GFP/+ macrophages at birth. In line with 196 previous observations (32), we observed partial labeling in 42% of brain microglia ( Fig. 5c ). Labeling 197 in PNS macrophages was 8% from sciatic nerve and DRG, or roughly one-fifth of the entire PNS 198 macrophage population when normalized to microglia ( Fig. 5c ). Less than 1% of macrophages were 199 tdTomato+ in spleen, kidney, and blood, and only 3% of lung macrophages were tdTomato+ ( Fig.   200 5c, Supplementary Fig. 12 ). These results demonstrate that the PNS is fully populated by 201 macrophages at the time of birth and that a subset of these cells are derived from yolk sac 202 progenitors.
203
While monocyte entry into injured nerves depends on Ccr2 (33, 34), it is not known whether 204 Ccr2 is required for seeding or maintaining the PNS macrophage niche. To address this question,
205
we quantified CSF1R+ macrophages in sciatic nerves of Ccr2 knock-in (Ccr2 GFP/GFP ) and control 206 (Ccr2 GFP/+ ) mice. We observed no difference in PNS macrophage numbers between Ccr2 knockouts 207 and controls (Fig 5e-g) . However, while GFP+ cells were present in sciatic nerves from Ccr2 GFP/+ 208 10 mice, GFP+ cells were totally absent from Ccr2 GFP/GFP mice ( Fig. 5e , f). These observations suggest 209 that Ccr2-dependent monocyte entry is not required to fill or maintain the PNS macrophage niche, 210 but may contribute to a modest subset of PNS macrophages at steady state.
211
Given the resemblance between microglia and PNS macrophages, we wondered if IL-34, an 212 alternative ligand for CSF1R that contributes to CNS microglia development (15) 
271
We were surprised that Sall1 expression was so low in PNS macrophages. This likely 272 represents a key difference in PNS and CNS nerve environments. The identification of additional 273 genes that were purely expressed in CNS microglia may provide clues for the basis of this difference.
274
Future studies should address genetic and environmental factors that regulate Sall1 expression and 275 examine whether it is expressed in a context-dependent manner in PNS macrophages.
276
The constitutive expression of a broad set of microglial activation genes in PNS macrophages 277 and, to a lesser degree, in spinal cord microglia suggests that such programs may be intrinsic to their 278 functioning in distinct neuronal environments. Indeed, it was found that sympathetic nerve-associated 279 (SAM) macrophages and macrophages at CNS interfaces also appear to be constitutively activated 280 13 (16, 35, 36) . Additionally, an overlap in many of the same activation genes are induced in microglia 281 localized to white matter tracts during brain development (37). However, this is the first time that 
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Gating strategy for determining YFP-percentages in monocytes, B cells, T cells, brain microglia, and 
